Abstract: A new species of Trichoderma (teleomorph Hypocrea, Ascomycota, Sordariomycetes, Hypocreales, Hypocreaceae), T. amazonicum, endophytic on the living sapwood and leaves of Hevea spp. trees is described. Trichoderma amazonicum is distinguished from closely related species in the Harzianum clade (e.g. Hypocrea alni, H. brunneoviridis, H. epimyces, H. parepimyces, T. aggressivum, T. harzianum, T. pleuroticola and T. pleuroti) by morphological and ecological characteristics and phylogenetic analysis of three loci (ITS nrDNA, tef1 and rpb2). The closest relatives of this species are the facultatively fungicolous species T. pleuroticola and T. pleuroti.
INTRODUCTION
Species of Trichoderma Pers. (teleomorph Hypocrea Fr.; Ascomycota, Pezizomycotina, Sordariomycetes, Hypocreales, Hypocreaceae) may occur mostly as soil inhabitants, saprophytes and parasites of other fungi (Samuels 1996 , Samuels et al. 2002 , Chaverri and Samuels 2003 , Samuels 2006 . However in recent years Trichoderma also has been reported as one of the most abundant avirulent endosymbionts (endophytes) in stems (vascular cambium and phloem) of woody plants, including Cola spp., Herrania sp., Hevea spp., Theobroma spp. (Evans et al. 2003 , Mahesh et al. 2005 , Crozier et al. 2006 , Gazis and Chaverri 2010 . Some species of Trichoderma that also are found as endophytes in stems of woody plants include T. aggressivum Samuels & W. Gams, T. caribbaeum Samuels & Schroers, T. erinaceus Bissett, C.P. Kubicek (Evans et al. 2003 , Crozier et al. 2006 , Samuels et al. 2006b , Hanada et al. 2008 , Samuels and Ismaiel 2009 . However the most frequent species of Trichoderma found as endophytes in stems are in the T. harzianum and T. koningiopsis species complexes, followed by T. hamatum (Samuels and Chaverri unpubl) .
During a survey of endophytes of wild and cultivated rubber trees (Euphorbiaceae: Hevea brasiliensis and H. guianensis) many strains of an undescribed species morphologically similar to T. harzianum were isolated frequently from the sapwood. These endophytic strains were collected from geographically separate areas in the Peruvian Amazon, that is Iquitos (Dept. Loreto, Prov. Maynas), Los Amigos (Dept. Madre de Dios, Prov. Manu) and Iberia (Dept. Madre de Dios, Prov. Tahuamanu). This new species from Hevea spp. is described with a multilocus phylogenetic approach (ITS nrDNA, tef1 and rpb2) and morphology.
MATERIALS AND METHODS
Source of strains.-Specimens and living cultures of Trichoderma species were obtained from decaying plant material, such as wood, bark and twigs, from soil, and from the living tissue of the stem's vascular cambium and phloem (5 sapwood) (TABLE I) . Trichoderma cultures from decaying plant material were obtained over several years from various sources with techniques similar to those described in Chaverri and Samuels (2003) . Ascospores or conidia were isolated onto artificial media, such as Difco TM potato dextrose agar (PDA) or Difco TM cornmeal agar with 2% dextrose (CMD), supplemented with antibiotics (SigmaAldrich streptomycin-neomycin-penicillin) to suppress growth of bacteria.
To isolate endophytes from leaves three healthy leaflets from different parts of each tree were collected. At the field station five segments from each leaflet were surface sterilized through sequential immersion in 2% sodium hypochlorite (chlorine bleach), 70% ethanol and sterilized water (Arnold et al. 2001 (Arnold et al. , 2003 . Each segment was placed in a 3 cm Petri dish containing CMD supplemented with c Sequences produced for this study. Remaining sequences were downloaded from GenBank.
antibiotics. The methods used to isolate fungal endophytes from sapwood are described in Evans et al. (2003) and Kowalski and Kehr (1996) . To expose living sapwood, a sterilized knife was used to cut and then discard three slivers of ca. 10 3 10 cm of dead bark from each tree at shoulder height. Kornerup and Wanscher (1978) . Growth-rate trials were done on 9 cm Petri dishes with 20 mL CMD, PDA and SNA (Nirenberg 1976 , without filter paper) at 15, 20, 25, 30 and 35 C. Petri dishes were incubated in darkness up to 1 wk or until the colony covered the agar surface. Measurements of colony radius were taken daily. Trials were replicated three times.
DNA extraction, polymerase chain reaction (PCR) and sequencing.-Strains (TABLE I) were grown in 6 cm diam Petri dishes containing Difco TM potato dextrose broth. Petri dishes were incubated at 25 C ca. 1 wk. DNA was extracted from the mycelial mat harvested from the surface of the broth. The PowerPlant TM DNA Isolation Kit (MO BIO Laboratories Inc., Carlsbad, California) was used to extract DNA from the samples. DNA sequences of the complete internal transcribed spacers 1 and 2 (ITS, ca. 600 bp), including 5.8S of the nuclear ribosomal DNA; RNA polymerase II subunit 2 (rpb2, ca. 900 bp), and translation elongation factor 1a introns and exons (tef1, ca. 600 bp) were used in the phylogenetic analyses. The primers used were for ITS, ITS5 and ITS4 (White et al. 1990 ), for rpb2, rpb2-5f1 and frpb2-7cr (Liu et al. 1999 ) and for tef1, tef1-728 and tef1-986 (Carbone and Kohn 1999) . Each 25 mL PCR reaction consisted of 12.5 mL GoTaqH Green Master Mix (Promega Corp., Madison, Wisconsin), 1.25 mL forward 10 mM primer, 1.25 mL reverse 10 mM primer, 1 mL DNA template, 1 mL dimethyl sulfoxide (DMSO) and 8 mL sterile RNAase-free water. PCR reactions were run in an Eppendorf Mastercycler ep with standard protocols described by Chaverri et al. (2003) and Chaverri and Samuels (2003) . PCR products were cleaned with ExoSAP-ITH (USB Corp., Cleveland, Ohio). Clean PCR products were sequenced at the DNA Sequencing Facility (Center for Agricultural Biotechnology, University of Maryland, College Park, Maryland) and at the Systematic Mycology and Microbiology Laboratory (USDA, Beltsville, Maryland). Sequences were assembled and edited with Sequencher 4.9 (Gene Codes Corp., Madison, Wisconsin). Sequences were deposited in GenBank (TABLE I) .
Phylogenetic analyses.-Twenty-three strains and their corresponding DNA sequences were used in the phylogenetic analysis. Other sequences for the new species also were produced and deposited in GenBank but were not included in the analysis because they were almost identical. Some sequences from published studies were obtained from GenBank (TABLE I) . For the ingroup several species closely related to T. harzianum and within the Catoptron and Harzianum clades Samuels 2003, Jaklitsch 2009 ) were used in the analysis. Hypocrea aureoviridis/ Trichoderma aureoviride (CBS 245.63) and H. chlorospora/T. chlorosporum (G.J.S. 98-1) were used as outgroup. The included sequences were aligned with MAFFT 5 (Katoh et al. 2005) using the E-INS-I strategy. The alignment was improved by hand with Seaview 2.4 (Galtier et al. 1996) and MESQUITE 2.5 (Maddison and Maddison 2009 ) (Alignment was deposited in TreeBase under SN10325). Gaps (insertions/deletions) were treated as missing data. Ambiguously aligned and poly-T/poly-A regions were excluded from the analyses. Maximum likelihood (ML) and parsimony (MP) analyses were performed with all sequences, first with each gene/locus separately and then with the combined datasets. A reciprocal 70% bootstrap threshold (Mason-Gamer and Kellogg 1996, Reeb et al. 2004 ) was used to determine whether partitions could be combined into a single phylogeny. PAUP* 4.0a109 (Swofford 2002 ) was used for MP analyses. A heuristic search was done with a starting tree obtained via stepwise addition, 10 000 random addition sequences, and a tree-bisection-reconnection branch-swapping algorithm. MP bootstrap analysis also was done in PAUP* (1000 replicates). GARLI 0.96 (Zwickl 2006 ) was used for ML and bootstrap analyses. In GARLI the starting tree was obtained by stepwise addition and the number of runs or search replicates was set to 50. Bootstrap (BP) analyses were replicated 1000 times. jModeltest (Rannala and Yang 1996 , Posada and Buckley 2004 , Posada 2008 ) was used to select the models of nucleotide substitution for ML analysis. The number of substitution schemes was set to 11, base frequencies + F, rate variation + I and + G, and the base tree for likelihood calculations was set to ML OPTIMIZED. A total of 88 models were compared. Once the likelihood scores were calculated the models were selected according to the Akaike information criterion (AIC), and corrected for smaller samples (AICc). After jModeltest was run the models for all three loci were set to GTR + I + G.
RESULTS
Phylogenetic analyses.-The alignment of DNA sequence data resulted in 876 base pairs (bp) for rpb2, 680 bp for ITS and 644 bp for tef1, for a total of 2200 bp (including indels). Eleven sites in ITS and 61 in tef1 were excluded from the analyses due to the presence of poly-T/poly-A and ambiguously aligned regions. For rpb2 498 bp were constant, 79 were uninformative and 299 were parsimony informative. The MP analysis resulted in 27 equally parsimonious trees with 646 steps (consistency index, CI 5 0.77; retention index, RI 5 0.90; homoplasy index, HI 5 0.23). For tef1 354 bp were constant, 105 were uninformative and 124 were parsimony informative. The MP analysis produced 100 trees with 486 steps (CI 5 0.69, RI 5 0.57, HI 5 0.311). For ITS 553 bp were constant, 62 were uninformative and 48 were parsimony informative. MP produced 383 trees with 178 steps (CI 5 0.72, RI 5 0.63, HI 5 0.28). The reciprocal 70% bootstrap threshold indicated that the topologies of each gene genealogy were not in conflict with the other gene genealogies. Therefore sequence data were concatenated/combined. The MP analysis with the concatenated sequence data for the three loci resulted in five equally parsimonious trees with 1461 steps. ML analysis produced a tree with a log likelihood (ln) of 29835.2943.
Phylogenetic analyses showed that the strains of the new species of Trichoderma endophytic on Hevea spp. form a distinct clade (100% ML BP, 100% MP BP) closely related to T. pleuroti and T. pleuroticola (FIG. 1) . The clade supporting the new species and T. pleuroti and T. pleuroticola had high bootstrap values (100% ML BP, 100% MP BP). The results also indicated that the new species is closely related to T. harzianum, both of which are morphologically almost indistinguishable. However the new species on Hevea does not group with T. harzianum. The clade that contains the new species and T. pleuroti and T. pleuroticola is more closely related (although moderately supported by BP values) to H. alni, H, epimyces and H. parepimyces than to T. harzianum. Trichoderma harzianum forms a clade with H. brunneoviridis (81% ML BP, 63% MP BP).
Morphological analysis.-The new Trichoderma endophytic on Hevea is almost indistinguishable from T. harzianum or other related species in the Harzianum clade (Samuels et al. 2002 , Chaverri and Samuels 2003 , Park et al. 2006 , Komon-Zelazowska et al. 2007 , Jaklitsch 2009 ). Conidiophore branching in the new species is similar to that in T. harzianum and other related species, T. aggressivum, H. brunneoviridis, H. epimyces, H. parepimyces and T. pleuroticola (TABLE II) . Conidiophores in the above-mentioned species branch in a pyramidal fashion, that is, with a primary or main axis from which frequently paired secondary branches arise at almost 90 degrees with respect to the main axis. The secondary branches then branch a third time (sometimes more or less), each consecutive branch shorter than the previous branch. The branches near the base of the main axis are longer than those near the tips, giving the conidiophore its pyramidal shape. Hypocrea alni and Trichoderma pleuroti have conidiophores that are distinct from the new species and T. aggressivum, H. brunneoviridis, H. epimyces, H. parepimyces and T. pleuroticola. Hypocrea alni has conidiophores with fewer branches and phialides per whorl, almost verticillium-like. Trichoderma pleuroti has gliocladium-like conidiophores.
The phialides and conidia of the new species and its relatives mentioned in the previous paragraph overlap in size and shape. The phialides are mostly ampulliform to flask-shaped, some on average shorter than others. The phialides of H. alni are the longest, and T. harzianum and T. aggressivum have on average shorter phialides than the other species. The size of the phialides of the new species overlaps with all species except H. alni, H. brunneoviridis and H. epimyces. Most conidia of the aforementioned species are indistinguishable, except those of H. brunneoviridis, which are larger. Chlamydospores are produced only by several species. In some strains of T. harzianum and H. alni chlamydospores are produced in old cultures (. 2 wk) and they are globose to subglobose, terminal or intercalary. The new species sometimes produces chlamydospore-like structures, which are hyaline and thin-walled. These chlamydospore-like structures are formed in tight clusters, which are difficult to tear apart. Although KomonZelazowska et al. (2007) reported finding chlamydospores in clusters in T. pleuroticola, we did not observe them in any of our strains of T. pleuroticola, including the ex-type (CBS 124383).
With respect to colony characteristics and growth rates on CMD, PDA and SNA, there are some differences. The formation and morphology of the conidial tufts on CMD vary among species. The tufts of the new species and T. aggressivum, T. harzianum and T. pleuroticola are loose. On the other hand the tufts of H. alni and H. epimyces are compact while T. pleuroti does not form tufts. The tufts of the new species and T. aggressivum, H. alni, H. epimyces, T. harzianum and T. pleuroticola, tend to form on the distal parts of the colony. In some cases concentric rings are observed (e.g. in the new species and T. aggressivum, H. epimyces, T. harzianum and T. pleuroticola). The rest of the species form tufts in the proximal part of the colony that is near the point of inoculum. On PDA the optimum temperature for growth is 25 C for all species except T. harzianum, which is 30 C. Trichoderma aggressivum and the new species have optimum temperatures for growth at sivum f. europaeum, and slightly better at 25 C in T. aggressivum f. aggressivum (Samuels et al. 2002) and the new species. Most species do not grow or grow little at 35 C, except T. harzianum, which grows relatively well. On PDA only the new species and H. brunneoviridis and T. pleuroticola produce diffusing pigment in the agar; some T. harzianum strains produce various pigments. Hypocrea brunneoviridis produces a gray-yellow to brown pigment. The new species produces first an ochraceous pigment that turns dark brown. Komon-Zelazowska et al. (2007) reported a similar diffusing pigmentation of the agar in T. pleuroticola. However we were not able to see it on the ex-type culture (CBS 124383).
The ecology of the new species and its relatives in the Harzianum clade can be symbiotic (endophytic, mycoparasitic) or saprophytic. Endophytism exists in the new species and in some clades in T. harzianum complex (Chaverri and Samuels in prep) . However T. harzianum also includes mycoparasites, saprophytes and soil inhabitants (Chaverri and Samuels 2003) . The new species has been found only as an endophyte in stems and to a lesser extent on leaves of Hevea spp. Trichoderma aggressivum, T. pleuroti and T. pleuroticola are known only as parasites of Agaricales (Samuels et al. 2002 , Komon-Zelazowska et al. 2007 ). Trichoderma aggressivum also is found in mushroom compost. Hypocrea alni, H. brunneoviridis and H. parepimyces are known only as saprophytes on decaying wood in Europe (Jaklitsch 2009 ). Hypocrea epimyces grows on decaying wood and rarely on other aphyllophoraceous basidiomycetes (Jaklitsch 2009 Phialides (4.6-)6.4-7.7(-9.6) 3 (3.0-)3.3-3.5(-3.7) mm, longitudo/latitudo (1.3-)1.9-2.3(-2.7). Conidia globosa, viridia, glabra, (2.9-)3.2-3.4(-3.7) 3 (2.7-)2.9-3.0 (-3.3) mm, longitudo/latitudo (1.0-)1.1-1. Colonies on CMD at 25 C after ca. 1 wk flat, with few aerial hyphae, forming loose pustules, tending to aggregate toward the distal parts of the colony; slightly fruity odor; no diffusing pigmentation of the agar observed. Conidiophores not well defined, branching generally 2-3 times in a pyramidal fashion, with the longest branches paired near the base of the main axis; branches toward the tip, secondary and tertiary branches arising at wide angles; branches arranged generally opposite each other. Some secondary and tertiary branches shorter and less developed than its opposite branch. Each branch producing barrel-shaped or cylindrical metulae, with phialides attached at wide angles or less often producing solitary phialides, phialides sometimes arising singly directly from the branch; metulae (4.0-)6.0-8.5(-12.5) 3 (3.5-)3.8-4.5(-4.8) (x 5 7.3 3 4.1) mm (n 5 40). Phialides ampulliform, constricted below the tip and slightly constricted at the base, formed in whorls of 2-4, terminal phialides in a whorl or solitary, (4.6-)6.4-7.7(-9.6) (x 5 7.0) mm long, (3.0-)3.3-3.5(-3.7) (x 5 3.4) mm wide at the widest point, (2.1-)2.4-2.7(-3.0) (x 5 2.6) mm at the base, L/W (1.3-)1.9-2.3(-2.7) (x 5 2.1) (n 5 60). Conidia green, smooth, globose, (2.9-)3.2-3.4(-3.7) 3 (2.7-) 2.9-3.0(-3.3) (x 5 3.3 3 3.0) mm, L/W (1.0-)1.0-1.2 (-1.3) (n 5 60). Chlamydospore-like structures observed in 3 wk old cultures, globose to subglobose, hyaline, thin-walled, formed in large tight clusters (20 +) that are difficult to tear apart and soon germinating.
Colonies on PDA at 25 C after 5 d somewhat cottony, green conidia forming in thick and dense concentric rings, no pustules formed; conidia formed after ca. 3 d; a brown diffusing pigmentation of the agar formed in some strains; odor slightly fruity. Etymology. ''amazonicum'', for its origin in the Amazon basin.
Habitat. Endophyte in the sapwood and leaves of living wild Hevea spp. trees.
Known distribution. Peru, Amazon basin. 
DISCUSSION
Trichoderma amazonicum is yet another new ''endophytic'' species of Trichoderma. The number and diversity of endophytic species of Trichoderma has grown tremendously (Holmes et al. 2004 , Mahesh et al. 2005 , Crozier et al. 2006 , Samuels et al. 2006b , Narayan et al. 2007 , Hanada et al. 2008 , Samuels and Ismaiel 2009 , Gazis and Chaverri 2010 since Evans et al. (2003) found members of the genus dominating the mycobiota of sapwood of healthy trees of Theobroma gileri. In the present study T. amazonicum was defined as a new species based on ecological, morphological and phylogenetic approaches. In summary, T. amazonicum is different from previously described species by virtue of its endophytic habit, chlamydospore-like structures formed in dense clusters, globose conidia, diffusing brown pigment in agar and distinct phylogenetic position. Results from the phylogenetic analyses clearly separate the new endophytic species of Trichoderma from other closely related and morphologically similar species in the Harzianum clade (e.g. H. alni, T. aggressivum, H. brunneoviridis, H. epimyces, T. harzianum, H. parepimyces, T. pleuroti and T. pleuroticola).
Some synapomorphies of species in the Harzianum clade include the pyramidal branching pattern of the conidiophores and the almost globose green conidia. However there are exceptions; H. alni has almost verticillium-like conidiophores and T. pleuroti has gliocladium-like conidiophores. The presence of gliocladium-and verticillium-like synanamorphs has been reported for individual T. harzianum strains FIGS. 2-9. Trichoderma amazonicum. 2. Tufts on CMD at 25 C after 5 d. 3-6. Conidiophores. 7. Conidia. 8. Cluster of chlamydospore-like structures. 9. Colony on PDA at 25 C after 5 d. 2-8. Ex-type (IB 50 5 CBS 126898). 9. IB 48. Bars: 2 5 1 mm, 3 5 20 mm, 4-8 5 10 mm. (Chaverri and Samuels 2003) . Thus it is possible that H. alni and T. pleuroti are expressing only one of the synanamorphs and that the typical T. harzianum pyramidal conidiophore was lost by these species. In addition, when known, the teleomorphs in the Harzianum clade have brown to black stromata and green ascospores Samuels 2003, Jaklitsch 2009) .
Trichoderma amazonicum is most closely related to T. pleuroticola and T. pleuroti. Trichoderma amazonicum can be easily distinguished from T. pleuroti by conidiophore morphology. Trichoderma amazonicum has conidiophores with a pyramidal branching pattern, and T. pleuroti has gliocladium-like conidiophores. However the morphology of T. amazonicum is almost indistinguishable from T. pleuroticola. They both have similar conidiophore branching patterns, phialides and conidial shape and size, and brown diffusing pigment in the agar. Slight differences may be seen in the average size of the conidia (3.3 3 3 mm in T. amazonicum vs. 2.8 3 2.4 mm in T. pleuroticola) and the presence of chlamydospore-like structures in clusters in T. amazonicum. However these differences can be detected only with precise measurements. Another distinguishing trait between T. amazonicum and T. pleuroti and T. pleuroticola is that the former is only known as an endophyte in the Amazon basin while the latter two are known as parasites of cultivated Pleurotus mushrooms and from soil (Park et al. 2006 , Komon-Zelazowska et al. 2007 .
Trichoderma amazonicum also is almost indistinguishable from H. brunneoviridis and T. harzianum but differs from these two species with respect to chlamydospores and growth rates (TABLE II) . Trichoderma amazonicum has globose, hyaline, thin-walled chlamydospore-like structures that are formed in dense clusters, while H. brunneoviridis does not form chlamydospores and T. harzianum only in some strains. In addition the chlamydospores of T. harzianum are solitary intercalary or terminal, thickwalled and not in clusters. Hypocrea brunneoviridis has slow growth compared to T. amazonicum and T. harzianum, and T. harzianum grows well at 35 C while T. amazonicum and H. brunneoviridis do not. Furthermore Trichoderma amazonicum is known only as an endophyte in Hevea spp.; Hypocrea brunneoviridis is known only as a saprophyte on decaying wood (Jaklitsch 2009 ), and T. harzianum sensu lato has been found as an endophyte, saprophyte, mycoparasite and soil inhabitant (Chaverri and Samuels in prep) . However T. harzianum sensu stricto has never been found as an endophyte and is a temperate species (Chaverri and Samuels in prep) .
As has been the case with other species of Trichoderma, morphological characters are of little use in distinguishing species. Studies have suggested that speciation and thus genetic isolation in Trichoderma is occurring relatively rapidly and has resulted in many species complexes and cryptic species that show little morphological variation (Chaverri et al. 2003 , Chaverri and Samuels 2003 , Kubicek et al. 2008 , Samuels et al. 2010 . Consequently the presence of ''phylogenetic species'' or distinct monophyletic groups is generally not correlated with any obvious phenotype of the putative or recently diverged species. One hypothesis is that genetic isolation precedes the divergence of character states, whether due to drift or selection (Taylor et al. 2000) . Therefore it is expected that recently genetically isolated species will show phenotypic differences only over time.
It is possible that rapid speciation in Trichoderma is occurring due to the plasticity of this genus to adapt to new and various niches and geographic distributions. Kubicek et al. (2008) discussed the geographic restriction of some species of Trichoderma, where some seem to be endemic to different geographic locations. Data (Chaverri and Samuels in prep) shows a Neotropical vs. Paleotropical distribution of clades within T. harzianum. In recent years new species of Trichoderma have been discovered occurring as endophytes in stems of woody plants in their native habitats (Evans et al. 2003 , Crozier et al. 2006 , Samuels et al. 2006b , Samuels and Ismaiel 2009 , including the new species described here, T. amazonicum. It is likely that many new species of Trichoderma from such habitats remain undiscovered or undescribed. Assessing and characterizing diversity of Trichoderma, especially in natural habitats, will yield many new species.
Defining species in Trichoderma has become more challenging due to the presence of species complexes and cryptic species that lack diagnostic phenotypic characters (Chaverri et al. 2003 , Chaverri and Samuels 2003 , Samuels 2004 , Jaklitsch et al. 2006 , Samuels 2006 , Jaklitsch et al. 2008 , Jaklitsch 2009 ). For example T. harzianum (teleomorph H. lixii Pat.) comprises several monophyletic groups that are morphologically indistinguishable but that correlate somewhat with geographic origin (Chaverri et al. 2003) . Some species have been segregated from T. harzianum sensu stricto based on some morphological characters of the anamorph and teleomorph and ecology (Samuels et al. 2002 , Komon-Zelazowska et al. 2007 , Jaklitsch et al. 2008 , Jaklitsch 2009 , Kredics et al. 2009 ). However many other ''phylogenetic species'' in T. harzianum remain unnamed (Chaverri et al. 2003) . The current trend in Trichoderma taxonomy is to describe species primarily on the basis DNA sequence data (Jaklitsch et al. 2006 , Samuels et al. 2006a , Hanada et al. 2008 . For example no visible phenotype distinguished T. asperelloides Samuels from T. asperellum Samuels, Lieckfeldt & Nirenberg, but the two species could be separated on the basis of single nucleotide polymorphisms (SNPs) and a tendency for each species to have a distinctive proteome as measured by MALTI-TOF MS; these differences were reinforced by robust multilocus differences in DNA sequence data (Samuels et al. 2010) . Trichoderma lieckfeldtiae Samuels was distinguished from T. hamatum also on the basis of their distinct phylogenetic positions in the Viride clade (Samuels and Ismaiel 2009) .
Before the use of multilocus molecular phylogenetics all these species would have been identified as T. harzianum. Gradually however new species, such as T. aggressivum, T. amazonicum and T. pleuroticola, have been recognized within the complex because of subtle phenotypic or biological characters. Trichoderma harzianum in the strict sense is a temperate species; despite our analysis of hundreds of strains, none that are close to the ex-type strain of T. harzianum occur outside a temperate habitat. Trichoderma amazonicum thus is an easily recognized species. Strong phylogenetic support combined with its apparently specific habitat as an endophyte of a tropical tree, diffusing brown pigment and clustered chlamydospores are apomorphies for this phylogenetic lineage.
The possibility that T. amazonicum is a host-specific endophyte that was found within the native range or ''center of origin'' of Hevea (Amazon basin) suggests that this species might have potential for biocontrol of Hevea diseases. Classical biocontrol aims to restore ecological balance and reduce pathogens by introducing co-evolved natural enemies or biocontrol agents. These agents are selected for their high specificity and their presence in the ''center of origin'' of their host (Evans 2008) . Several biocontrol agents have been found in the center of origin of their host plants. For example Trichoderma cf. harzianum, T. koningiopsis, T. ovalisporum and T. theobromicola are endophytes of Theobroma spp. (cacao and relatives) with biocontrol properties that were found in wild trees of Theobroma spp. (Evans et al. 2003 , Holmes et al. 2004 , Samuels et al. 2006 , Bailey et al. 2008 , Evans 2008 . Future work should include testing T. amazonicum and other potentially ''host-specific'' Trichoderma spp. for their efficacy as biocontrol agents.
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